INTRODUCTION
International trade in fish and fish products spans the globe and involves many forms of transport. Live products, principally in the form of ova, are transported by air traffic between continents with ease. The distribution of rainbow trout (Oncorhynchus mykiss) is a prime example of the extension in geographical range which has resulted from the improved speed of travel by air (11) , and the same phenomenon has occurred with numerous other species of fish and shellfish. Pathogens may inadvertently be transported along with live fish. Transportation of larvae, juveniles or even adult fish which harbour infectious agents involves a threat of disease spread. The situation is further complicated by the presence of subclinical infections or 'carrier fish', which harbour the infectious agent but show no signs of disease. In addition, the ability to detect these infections in carrier fish may be hampered by the lack of a currently-accepted procedure which is sufficiently sensitive, or practical for use by most fish health laboratories. Movements of pathogens into regions where they encounter new or naive hosts can have catastrophic consequences. Determining when a pathogen has truly been introduced and how it has spread is difficult with most fish pathogens, particularly those for which serological or biochemical strain typing has not been developed. Recently, the introduction of molecular tools to compare parasites at the genome level has provided the ability to answer some of these questions. These tools can be used to distinguish between recent introductions and newly-recognized pathogens. In this paper, the author reviews the potentially catastrophic effects of pathogen movements, while emphasising the difficulties encountered when newly recognized agents are not introduced pathogens. In addition, there is a discussion of the role of ornamental fish in potential movements of fish pathogens. Finally, possible solutions to some of these problems are offered.
PROBLEMS IN ESTABLISHING WHETHER PATHOGENS HAVE SPREAD AS A RESULT OF TRADE IN FISH
The international spread of most serious salmonid pathogens has not been well documented. This has been partly due to a lack of understanding of the background into which these pathogens were moved. With respect to salmonid fish diseases, many of the major movements of fish between North America and Europe had already occurred before 1900, i.e. before the discovery of the more important pathogenic agents which move easily with transported stages of the fish (e.g. ova). As a result, there is often a reliance on anecdotal information which suggests that certain external signs, internal signs or mortality associated with an agent truly represented historic cases of infection. This information can sometimes be misleading, however, as when swollen kidneys in rainbow trout (O. mykiss) were attributed to a chronic form of viral haemorrhagic septicaemia (VHS) in Europe or infectious haematopoietic necrosis (IHN) in the western United States of America (USA), whereas the correct diagnosis was proliferative kidney disease (PKD), caused by a myxosporean parasite, PKX (PKD organism unknown) (13) .
MOVEMENTS OF PATHOGENS WITH FISH TRADE
The potentially catastrophic effects of the introduction of pathogens into naive fish populations can be illustrated by reference to a few chosen agents. Hoffman provided a comprehensive report on the intercontinental movement of important parasitic agents as a result of trade involving infected live or frozen fish (15, 16) . Myxobolus cerebralis, the myxosporean parasite causing whirling disease in salmonids, was cited in this report as a prime example of a pathogen introduced from Europe (Denmark) to the USA with frozen rainbow trout (O. mykiss) (15, 16) . The parasite was believed to be enzootic among European and northern Asian salmonids, in which it usually causes a milder form of the disease, often not provoking the radical swimming behaviour associated with severe infections observed in rainbow trout (20) . The agent introduced from Europe was then believed to have spread within the USA via the transportation of live rainbow trout used for stocking. At present, twenty-one states are known to have infected hatchery or wild populations of trout. The extent of the establishment of whirling disease in wild trout populations and its potential negative impact have been demonstrated (B. Neering, personal communication). Myxobolus cerebralis now has a world-wide distribution, and occurs in at least twenty-one countries where rainbow trout have been introduced (16) . Economic losses due to this disease are difficult to determine but amount to several millions of US dollars within single states in the USA, such as California and Michigan (J. Modin and J. Gnath, personal communication). The main costs have been associated with attempts to eradicate the parasite from certain farms or watersheds. No estimates have been made of the economic losses or ecological damage caused by infections in wild fish, but effects are presumed to be disastrous in areas such as the state of Montana (USA), where angling forms a significant part of the economy. While management of whirling disease in hatchery populations in Europe and the USA involves changing from earthen to concrete ponds or raceways, and rearing young fish in parasite-free water for as long as possible, similar approaches to controlling the disease among wild fish are not possible. As a result, the spread of the agent in wild populations will presumably continue to increase.
A similar pattern of spread has been observed for the nematode Anguillicola crassus among eel (Anguilla anguilla) populations in Europe, following the presumed introduction of this parasite into Germany with eels from Taiwan (12, 17) . The effects of A. crassus parasitism on eels (A. japonica) from Japan and Taiwan are less severe than on European eels, and this is presumed to be a result of adaptation between the host and the pathogen in its original habitat (10) . European eels show heavier parasite burdens, poorer growth and swimming ability, and greater susceptibility to environmental diseases (6, 23, 27) . In 1991-1992, when eels died as a result of A. crassus infestation in Lake Balaton (Hungary), the loss of revenue from reduced eel sales was estimated at over US$2 million (24) . Even greater losses are assumed if the reduction in tourism and the cost of disposing of the dead fish are considered.
The parasite is now established in numerous countries throughout Europe, including many wild populations of eels, with the prospect that it will never be eliminated.
Additional examples of the introduction and establishment of pathogens and their deleterious effects, in the case of agents transmitted to Japan with salmonid ova, are provided in another paper in this issue of the Scientific and Technical Review (29) .
NEWLY-RECOGNIZED VERSUS RECENTLY-INTRODUCED FISH PATHOGENS
While recognizing the importance of introduced disease agents and their catastrophic effects, care must be taken in distinguishing between presumed new introductions of disease and first observations of infections already present or even established in the geographical' region of concern. Recent examples of the presumed introduction of VHS virus to North America and of the microsporidian Enterocytozoon salmonis to Chile demonstrate that care must be taken before introductions are blamed for the spread of certain pathogens. Conscientious producers and exporters who abide by health regulations must not be rashly accused, as this may have completely unjustified economic consequences.
In 1988, VHS virus was detected for the first time in North America; federal and state fish pathologists reported the infection among adult Pacific salmon (O. tshawytscha) from the state of Washington (4). This was believed to be the first occurrence of a newly-introduced virus in this population and European sources of imported products were examined, with the simultaneous destruction of stock and disinfection of hatcheries at two affected sites. Eradication procedures included the elimination of all fish within several miles of the stream that supplied one facility. These radical procedures seemed prudent at the time. However, subsequent occurrences of infection, which were believed to represent a spread of the virus to other sites, soon became evident (9) . Initial serological results suggested that the virus did resemble the Fl serotype found in Europe (28) . The finding of the virus in wild populations of cod (Gadidae) and herring (Clupeidae) from Alaska suggested that the agent had rapidly spread to large feral populations (21, 22) . However, it was the subsequent molecular characterization of the virus that established that the North American isolate was clearly different from the European viruses (4, 5) . It now appears that VHS virus is enzootic among cod and herring populations from Washington to Alaska, and in British Columbia, Canada, where it was established long before the first observations of this virus in Pacific salmon.
Enterocytozoon salmonis is an intranuclear microsporidian parasite of salmonid leukocytes (7). The parasite was initially believed to be found only in the Pacific Northwest of the USA and Canada but has recently been found in Chile. Movements of salmonid ova from the Pacific Northwest to Chile have been cited as the source for the introductions (S. Bravo, personal communication). Molecular tools for investigating fish microsporidia, and, in particular, E. salmonis, have recently been developed (3). Using sequence information from the small subunit ribosomal ribonucleic acid (RNA), specific polymerase chain reaction (PCR) primers have been developed that allow amplification of several regions of the gene. Initial examinations of strains of E. salmonis from the Pacific Northwest and those from Chile indicate that at least two variants are present among these strains and that they segregate clearly into those from each geographic region. While further studies are currently under way, the data collected thus far suggest that certain strains in Chile may be different from those in North America. Furthermore, as with VHS virus, the evidence for additional E. salmonis strains or species, as recently demonstrated among halibut (Pleuronectidae) in Norway and lumpfish (Cyclopteridae) in Newfoundland (25) , may suggest a marine reservoir for the microsporidian.
TRADE IN ORNAMENTAL FISH
Hundreds of species of ornamental fish are shipped world-wide for the home aquaria market. In the USA alone, there are estimated to be 200 million fish contained in 20 million home aquaria. This demand is met mainly by suppliers in South-east Asia, including such major suppliers as Malaysia, Singapore and Thailand. Los Angeles international airport (LAX) is one of several receiving points in North America where these fish are boxed for redistribution throughout the USA. Approximately 750 boxes of fish pass through LAX each week. These fish are destined for home aquaria but may also be released into the wild, where they may come into contact with indigenous populations of fish. However, ornamental fish are not subject to inspection under present health regulations in the USA, as they are viewed as lesser contributors to the risk of introducing exotic pathogens than imported food fish. The types and severity of pathogens that ornamental fish may carry have received little attention. A responsible initiative has, however, been taken by governments of some of the exporting countries. These governments have begun to build disease histories and develop certification programmes for the ornamental fish industry. We know that certain viral agents, such as the systemic iridoviruses, can be carried by several species of tropical fish (2, 14) , and that these agents closely resemble viruses that have been found to cause mass mortality among several food and angling species. Whether the outbreaks caused by these systemic iridoviruses in diverse geographical regions (1, 18, 19, 26) can be attributed to the transcontinental movements of ornamental fish has not yet been determined but should be considered.
PROBLEMS AND SOLUTIONS
The movement of fish raises numerous problems related to health regulations and international trade. Many of these problems were discussed by de Kinkelin and Hedrick in 1991 (8) . Over the past few years, the European Union (EU), and countries such as Canada and the United States of America, have undertaken revisions of their health legislation. This revised legislation is aimed at controlling the movements of important fish and shellfish pathogens by creating a system of inspections before the movement of products. If it is decided to perform these inspections for all food-fish species, and -in addition -for non-food fish species (e.g. ornamental fish), the task will be enormous. If enforced, this legislation would have a significant impact on exporting countries that are unable to meet the inspection demands. Initially this approach appears to favour wealthier countries, which can demonstrate through inspection and surveillance programmes that their populations are indeed free of certain pathogens. However, it would be remiss to import products that have undergone less strict inspections, and thus risk undermining disease control within a particular geographical region.
European Union legislation embodies this concept in its creation of 'approved zones', which, after specified inspections, are recognized as being free from certain diseases. It is a reasonable but expensive approach. Even within the EU, not all members have invested in the national surveillance programmes required to meet the zone criteria. Less wealthy countries that profit by the export of fish must realize that some of that profit should be re-invested to improve their fish health capabilities, so that they can begin to develop the inspections and surveillance programmes that will allow them to compete in the international trade of live fish and shellfish. Movement towards the acceptance of an international code for fish health legislation would be a major first step. Standardized training, perhaps in the form of an academy, for health administrators, inspectors, pathologists, etc. would help in the application of such a code.
While such developments for food-fish species would be the first step, a similar approach is warranted for controlling pathogen movements with non-food fish species. These efforts would not only prevent harmful introductions of potential food-fish pathogens but would also improve the quality of imported products for the consumer; a concern which is currently viewed very seriously within the industry.
Lastly, the availability of more sophisticated tools for detecting and comparing pathogens is allowing us to become more adept at tracing the movements of these agents between continents, countries and states. The use of molecular epidemiological tools has already helped us to determine that certain agents are not recent introductions but indeed new recognitions or extensions of host ranges of existing enzootic pathogens. These tools need to be further developed so that the methods by which these agents truly do spread can be understood. It is through this knowledge that we can at once improve our ability to control diseases, while preventing unjust economic consequences to those conscientious producers that are involved in the international trade of live fish products. 
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